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Abstract
Background: The body composition of patients has been associated with 
 tolerability and effectiveness of anticancer therapy. This study aimed to assess 
the influence of the skeletal muscle index (SMI) on the pharmacokinetics and 
toxicity of fluorouracil.
Methods: Patients treated in an oncological practice with fluorouracil- based 
chemotherapy and undergoing therapeutic drug monitoring were retrospec-
tively investigated. Computed tomography images were analyzed to measure 
abdominal skeletal muscle areas in Hounsfield units for the psoas major mus-
cle, back and total skeletal muscle to determine the SMI. For the latter, an auto-
mated  segmentation method was used additionally. SMI measures were tested 
as covariates on fluorouracil clearance in a population pharmacokinetic model. 
Furthermore, regression analyses were performed to analyze the influence of 
SMI measures on the probability of clinically relevant adverse events (CTCAE 
grades ≥ 2).
Results: Fluorouracil plasma concentrations of 111 patients were available. 
Covariate analyses showed significant improvements of the model fit by all SMI 
measures. However, interindividual variability of fluorouracil clearance was only 
slightly reduced, whereas the SMI of the back muscle showed the largest reduc-
tion (−1.1 percentage points). Lower SMI values of the back muscle increased the 
probability for polyneuropathy and lower SMI of the psoas increased the prob-
ability for fatigue.
Conclusions: Our results suggest that pharmacokinetics and toxicity of fluo-
rouracil may be associated with specific SMI measures which deserve further 
investigation.
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1  |  INTRODUCTION

Fluorouracil (5FU) is still one of the cornerstones for the 
treatment of various solid tumors, particularly colorectal 
and head and neck cancer.1– 3 Typically, 5FU is dosed ac-
cording to the patient's body surface area (BSA), resulting 
in a wide range of variability in 5FU plasma concentra-
tions.4 This pharmacokinetic variability may result in-
dividually in an insufficient response to 5FU therapy or 
intolerable toxicity, leading to treatment discontinuations. 
In fact, approximately 60% of patients treated with 5FU 
are reported being underdosed, whereas about 15% being 
overdosed when BSA- based dosing is applied.5

Due to its hydrophilic nature, the volume of distribu-
tion of 5FU is highly correlated with lean body mass (LBM) 
which includes muscle mass.6 Since BSA does not account 
for changes in body composition, this additional knowledge 
could be of high interest when sarcopenic cancer patients 
are treated with anticancer drugs.7 Several studies found 
that sarcopenia in cancer patients is a predictor for low over-
all survival in various tumors.8– 12 An association between 
muscle status and toxicity under therapy with various an-
ticancer drugs was shown as well.12 In particular, patients 
with a dose- limiting toxicity under 5FU chemotherapy had 
a higher 5FU dose per kg of LBM compared to patients 
with a lower grade toxicity.13,14 Other metrics of body com-
position (total body water, fat- free mass) could be linked to 
5FU pharmacokinetics,15 whereas a LBM- normalized 5FU 
dose was not correlated with 5FU exposure, defined as area 
under the concentration- time curve (AUC).16

Sarcopenia is usually defined by a reduction in skeletal 
muscle index (SMI) which is calculated by the total mus-
cle cross- sectional area at the third lumbar vertebra (L3) 
normalized to the squared patient's height (cm2/m2).17 So 
far, the relationship of SMI with 5FU pharmacokinetics 
has not been evaluated. The aim of this study was there-
fore to investigate the influence of the SMI on 5FU phar-
macokinetics as well as 5FU- associated toxicity.

2  |  METHODS

2.1 | Patients and data

In this study, patients under a 5FU- based, infusional chem-
otherapy from the oncological outpatient clinic UnterEms 
in Leer, Germany, were retrospectively analyzed. Patients 
with documented therapeutic drug monitoring of 5FU, 
that is, quantification of 5FU plasma concentrations, and 
at least one computed tomography (CT) scan of the L3 
area were included for analysis. 5FU plasma concentra-
tions were obtained at steady state during continuous in-
fusion and quantified using the My5- FU™ immunoassay 

(Saladax Biomedical Inc., Bethlehem, PA, USA) with a 
lower limit of quantification of 86 ng/ml.18 Dose adjust-
ments were performed at the discretion of the treating on-
cologist. Adverse events (AE) were graded at each patient 
visit according to the Common Terminology Criteria for 
Adverse Events (CTCAE), version 5.0.19 In order to ensure 
that the muscle status corresponded to measured 5FU 
plasma concentrations and AE, a maximum time frame 
between CT scan and blood sampling/AE documentation 
had to be defined. Chung et al. found a median change in 
SMI values of 8.7% in patients with stage III or high- risk 
stage II colon cancer treated with the FOLFOX scheme 
(5FU, folinate, oxaliplatin) within 210 days between pre-
operative and post- chemotherapy CT.20 In addition, the 
mean measurement error of SMI quantification via CT 
scans was reported to be 8.5%.21 Based on this informa-
tion, a maximum time frame of ±205 days between CT 
scan and blood sampling was defined excluding patients 
with a larger temporal distance between SMI and plasma 
concentration measurements/AE documentations from 
the analysis. The study was approved by the ethics com-
mittee at the Faculty of Medicine of the University of 
Bonn (protocol code 014/18).

2.2 | Image analysis

The SMI was assessed using routinely collected CT im-
ages from different radiological practices. As recom-
mended by the European Working Group on Sarcopenia 
in Older People, measurements were performed at the 
L3 level since the individual skeletal muscle areas corre-
lated the most with overall skeletal muscle.22 Muscle areas 
were measured based on Hounsfield units (HU) as well 
as an automated segmentation method provided by the 
software sliceOmatic® version 5.0 (TomoVision, Magog, 
Canada).23 The HU range was set to the density of skeletal 
muscle (35– 50 HU) to exclude any areas of different tis-
sues.24 Using this “Hounsfield method,” the psoas major, 
back muscle, and total skeletal muscle at the L3 level were 
examined. For the latter, the automated segmentation 
method was additionally used. An overview of the differ-
ent SMI measures and the respective muscle areas is pro-
vided in the Supporting Information (SI) 1, Table S1- 1. All 
SMI measures were obtained by dividing the respective 
measurements by the squared patient's height.

2.3 | Population pharmacokinetic  
analysis

The influence of the different SMI measures on 5FU 
pharmacokinetics (PK) was analyzed in a population PK 
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model of 5FU. This model was initially developed at the 
Department of Clinical Pharmacy at the University of Bonn 
using data from the study of Wilhelm et al.25 Modeling 
was performed with the non- linear mixed effect modeling 
software NONMEM® version 7.226 combined with im-
plemented scripts in PsN (version 3.6.2).27,28 NONMEM® 
uses the maximum likelihood method to simultaneously 
estimate population values of fixed- effect parameters (e.g., 
drug clearance) and values of random- effect variables 
(e.g., interindividual and residual variability) in order to 
obtain individual parameters. Model parameters were es-
timated by the first- order conditional estimation method 
with interaction.26 The likelihood- ratio test was used to 
discriminate between nested models. A nested model was 
considered superior to another when the objective func-
tion value (OFV), provided by NONMEM®, was reduced 
by 3.84 points (chi- square value, p < 0.05, one degree of 
freedom). Covariates which are able to explain interindi-
vidual variability (IIV) in 5FU clearance and volume of 
distribution were investigated as well, including age, sex, 
infusion time (24 or 46 h, coded as a binary covariate), lab-
oratory parameters (creatinine, bilirubin, ALT, AST, GGT, 
LDH), tumor markers (CA 19– 9, CEA), and BSA. These 
were implemented into the model in a stepwise forward 
inclusion and backward elimination approach using the 
scm script provided by PsN with an included fixed set of 
parameter- covariate parametrizations (linear, piece- wise 
linear, exponential, power relations).27,28 In the forward 
inclusion step, covariates which led to a significant de-
crease of the OFV (p < 0.05) were kept for further evalu-
ation. This model was then re- evaluated by backward 
elimination of each included covariate with a significance 
level of p < 0.01. If a covariate was still significant in this 
step, it was eventually kept in the model. Model robust-
ness and precision and bias of parameter estimates were 
evaluated by a non- parametric bootstrap analysis without 
stratification. Median and 95% confidence intervals of pa-
rameter estimates were derived from 1000 replicate data-
sets obtained from sampling individuals from the original 
dataset with replacement.

The population pharmacokinetic model was then ap-
plied to the dataset of this study and revised, where neces-
sary. In this population PK analysis, NONMEM® version 
7.529 and PsN (version 5.0.0)27,28 were used for model 
development and R (version 4.1.0)30 was used for visu-
alization of results. Piraña (version 2.9.7) served as front 
interface.31 Based on this revised model, a covariate anal-
ysis was performed in order to explore if the different SMI 
measures had an influence on 5FU clearance and volume 
of distribution. Each SMI measure was individually tested 
as a covariate on 5FU PK parameters and included if a sta-
tistically significant reduction (p < 0.05) of the OFV was 
found. Exponential functions were tested to describe the 

relationship between the different SMI measures and 5FU 
PK parameters. The model fit was assessed by goodness- 
of- fit plots32 and prediction- corrected visual predictive 
checks33 based on 1000 dataset simulations. Additionally, 
a non- parametric bootstrap analysis without stratifica-
tion, as described above, was performed.

2.4 | Logistic regression

The influence of the SMI on 5FU toxicity was evaluated 
in a logistic regression analysis by correlating SMI meas-
ures with AE severity. For this analysis, every AE with a 
CTCAE grade of 2 or higher was defined as severe and 
hence clinically relevant. The AE were coded binary with 
“0” for CTCAE grades 0 and 1 and “1” for grades 2 to 4, 
respectively. Documented AE included polyneuropathy, 
stomatitis, hand- foot syndrome, fatigue, diarrhea, nausea, 
and emesis. The probability (P) for every AE was calcu-
lated as follows:

The logit of z determines the linear regression model of the 
independent variable and consists of the observed SMI mea-
sures (xk), the regression coefficients (�k), and an error term 
(�):

For every performed logistic regression, odds were calcu-
lated relating the probability of a severe AE to the probabil-
ity of non- occurrence:

Based on the odds obtained, the relative probability to de-
velop a severe AE when the SMI increases by one unit was 
assessed as Odds Ratio (OR):

3  |  RESULTS

3.1 | Patient characteristics

The dataset consisted of routinely collected data from 175 
patients between September 2014 and July 2020. Twenty 
of them had to be excluded due to missing CT images. 

(1)P(AE ≥ CTCAE grade 2) =
1

1 + e−z

(2)z = �0 + �1 × x1 + �2 × x2 + �3 × x3 + … �k × xk + �

(3)

Odds =
P (CTCAE grade ≥ 2)

P(CTCAE grade < 2)
=

P (CTCAE grade ≥ 2)

1 − P (CTCAE grade ≥ 2)

(4)OR =
Odds after 1cm2∕m2 increase in SMI

Odds before 1cm2∕m2 increase in SMI
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Further 44 patients were excluded because the time frame 
between their CT scan and blood sampling was longer 
than 205 days (see “Methods” section). The remaining 
111 patients were included for further analyses (Table 1). 
For the development of the population PK model, 395 
5FU plasma concentration measurements were included. 
All included patients received 24- h infusions of 5FU.

3.2 | Influence of the skeletal muscle 
index on 5FU pharmacokinetics

First, an initial population PK model based on data from the 
study of Wilhelm et al.25 was developed. A one- compartment 
model with linear elimination turned out to be the best model 
to describe 5FU disposition. IIV terms were implemented on 
5FU clearance, volume of distribution, and residual variabil-
ity. The latter consisted of an additive as well as a propor-
tional term.34 However, due to model instabilities, estimates 
of the volume of distribution and its IIV had to be fixed to 
previously estimated values. Based on analyses of rich PK 
data from our group and data from the Cantonal Hospital St. 
Gallen, Switzerland, volume of distribution and its IIV were 
fixed to 46.1 L and 51.1%, respectively.35– 37 Therefore, covari-
ates could only be tested on 5FU clearance. After the forward 
inclusion step of the covariate analysis, BSA, infusion time, 
and LDH concentration were found to be significant lin-
ear covariates on 5FU clearance. LDH concentration was 
excluded after performing the backward elimination step. 
Ultimately, BSA and infusion time remained in the model. 
However, the bootstrap analysis revealed the estimate of the 
infusion time effect to be unreliable since its 95% confidence 
intervals included zero. Hence, this parameter was excluded 
from the final model. In Table 2, the development steps of 
the population PK model are shown. Table 3 depicts the final 
population PK parameter estimates as well as the median 
values of the bootstrap analysis.

The developed population PK model was applied to the 
dataset of this study. Running this initial model revealed 
that the estimate of the additive term of the residual vari-
ability ran into a boundary close to zero. In addition, the 
IIV term on residual variability was estimated with a rel-
ative standard error (RSE) of 86% and shrinkage38 of 76%. 
Both parameters were assumed to be negligible and thus 
removed from the model leading to a non- significant in-
crease in OFV (Table 4).

This revised model was then used for covariate anal-
ysis in which the different SMI measures were individu-
ally tested on 5FU clearance. Its results are presented in 
Table  4. All four SMI parameters showed a statistically 
significant reduction of OFV when included in the model. 
Inclusion of the SMI of the back muscle led to the larg-
est OFV drop along with the highest reduction in IIV of 

5FU clearance (−1.1 percentage points). Therefore, this 
covariate was chosen for the final model. 5FU clearance 
was parametrized as follows (Equation 5):

 Here, CL5FU denotes for the individual 5FU clearance esti-
mate, CL5FU,pop for the population estimate of 5FU clear-
ance, θBSA is the covariate effect estimate of the body surface 
area, BSA is the observed body surface area, θSMI,back de-
notes for the covariate effect estimate of the SMI of the back 

(5)
CL5FU = CL5FU,pop×

(

1+�BSA×
(

BSA−1.97m2
))

×e

(

�SMI,back×

(

SMIback−3.78
cm2

m2

))

×e
�i,CL5FU,pop

T A B L E  1  Patient characteristics

Characteristic Median (range) or n

Demographics

Sex

Male 75

Female 36

Age (years) 64 (35– 84)

Body surface area (m2) 1.97 (1.47– 2.85)

Skeletal muscle indices (SMI)

SMI psoas major (cm2/m2) 1.48 (0.46– 3.78)

SMI back muscle (cm2/m2) 3.78 (0.94– 8.41)

SMI total muscle (Hounsfield method) 
(cm2/m2)

9.58 (4.12– 18.82)

SMI total muscle (Segmentation method) 
(cm2/m2)

50.26 (25.47– 92.67)

Therapy- related details

5FU dose (mg/m2) 2283 (1441– 3641)

5FU AUCa (mg × h/L) 19.7 (2.1– 45.0)

Number of observed cycles per patient 2 (1– 5)

Therapy regimen

AIOb 26

FUFOXc (including monoclonal 
antibodies)

22

Paclitaxel/cisplatin/5FU/folinate 30

Other 32

Tumor entity

Colorectal cancer 56

Gastroesophageal cancer 33

Pancreatic cancer 12

Other 10
aCalculated by multiplying the infusion time with the measured steady- state 
concentration.
bWeekly 5FU infusion (2600 mg/m2) over 24 h in combination with folinate 
(500 mg/m2).
cWeekly 5FU infusion (2000 mg/m2) over 24 h in combination with folinate 
(500 mg/m2) and oxaliplatin (50 mg/m2).
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muscle, SMIback for the observed SMI of the back muscle, and 
ηi,CL5FU,pop represents the IIV term for the 5FU population 
clearance of the ith individual with a mean of 0 and a vari-
ance of ω2. Both covariate effects were centered around the 
respective observed median values of the study population.

The prediction- corrected visual predictive check 
(Figure  1) as well as goodness- of- fit plots (see SI 2, 
Figure S2- 1) of the final model showed a reasonable model 
fit. Final parameter estimates along with bootstrap results 
are presented in Table 5. The NONMEM® code of the final 
model is outlined in SI 3.

3.3 | Influence of skeletal muscle indices 
on toxicity under 5FU therapy

For every AE, the number of patients suffering from AE 
grade 2 or higher is presented in SI 4, Table  S4- 1. The 

logistic regression analysis showed statistically significant 
correlations for two AE. The SMI of the psoas major was 
significantly correlated to the fatigue syndrome as well as 
the SMI of the back muscle to the occurrence of clinically 
relevant polyneuropathy. An increase of the respective 
SMI by 1 cm2/m2 decreased the probability of develop-
ing the identified AE ≥ grade 2 by 85% and 48%, respec-
tively. The final logistic regression analyses are depicted 
in Figure 2. Presentations of the odds ratios for all investi-
gated AE are outlined in SI 4, Table S4- 2.

4  |  DISCUSSION

This is the first study evaluating the influence of different 
SMI measures on 5FU PK and toxicity. The results suggest 
that selected SMI measures may be associated with 5FU 
PK. Interpreting the individual SMI measures, it should 

T A B L E  2  Development steps and covariate analysis of the initial 5FU population pharmacokinetic model based on data from Wilhelm 
et al.25

Model number Description OFV ∆OFV p value

1 Base model
• One compartment with linear elimination
• Fixed values for volume of distribution and its IIV
• Combined additive and proportional residual error model

−611.310 0 — 

2 Covariate model after forward inclusion step
• Inclusion of BSA, infusion time, and LDH concentration on 5FU 

clearance

−653.107 −41.797 <0.0001a

3 Covariate model after backward elimination step
• Exclusion of LDH concentration as covariate

−647.132 +5.975 0.0145

4 Final model
• Exclusion of infusion time as covariate after bootstrap analysis

−637.090 +10.042 0.0064

Abbreviations: ∆OFV, Difference in objective function value; BSA, Body surface area; IIV, Interindividual variability; OFV, Objective function value.
aThree degrees of freedom.

Parameter Estimate
Bootstrap median (95% 
confidence intervals)

CL5FU [L/h] 209 209 (198– 220)

V5FU [L] 46.1 (fixed) 46.1 (fixed)

BSA effect on CL5FU 0.681 0.688 (0.455– 0.933)

Interindividual variability

CL5FU [%CV] 16.3 15.5 (10.3– 19.2)

V5FU [%CV] 51.1 (fixed) 51.1 (fixed)

Residual variability [%CV] 37.5 36.1 (18.7– 52.2)

Residual variability

Additional error term [ng/ml] 77.4 87.2 (54.7– 139)

Proportional error term [%] 19.8 18.8 (14.7– 23.6)

Abbreviations: BSA, body surface area; CL, clearance; CV, coefficient of variation; V, volume of 
distribution.

T A B L E  3  Parameter estimates of the 
initial 5FU population pharmacokinetic 
model based on data from Wilhelm et al.25
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be kept in mind that SMI parameter values which were 
obtained by the Hounsfield method were quantified using 
a range of 35– 50 HU. This range differed from HU ranges 
of other studies13,14,39 and resulted in lower absolute val-
ues when, for example, comparing the SMI of the total 
muscle obtained by the Hounsfield method to the same 
SMI quantified by the segmentation method. However, 
the observed trends and associations were the same for all 
SMI measures analyzed in this study. Provided that these 
findings are confirmed in future prospective studies, the 
question remains how these findings may be transposed 
in real- world patients. In clinical routine, CT imaging of 
cancer patients is frequently performed, for example, for 
tumor staging. Therefore, even though muscle status as-
sessment by CT imaging is not routinely conducted, there 
would already be raw data available to quantify different 
SMI measures.40

Our population PK model was able to adequately 
describe the observed routine data. However, the sole 
availability of steady- state concentrations impeded 
model development. The estimate of 5FU volume of 
distribution had to be therefore fixed and could not 
be used for covariate analysis. Gusella et al. found a 
significant relationship between total body water and 
5FU volume of distribution as well as fat- free mass and 
5FU volume of distribution.15 The initially developed 
5FU population PK model, which was based on data 
from Wilhelm et al.,25 included BSA as the only signifi-
cant covariate on 5FU clearance. In general, the identi-
fied covariates on 5FU PK vary considerably. A similar 
influence of BSA was identified in two other published 
population PK models as well,41,42 whereas other mod-
els revealed significant effects of sex,36,43 age,44 or body 
weight.45 When applying the initial model on the new 

T A B L E  4  Model development steps and covariate analysis of the revised model

Model number Description OFV ∆OFV p value

IIV 
Clearance 
[%CV]

1 Initial model without BSA as covariate 
(Table 3)

−754.341 0 — 26.6

2 Initial model with BSA as covariate (Table 3) −792.218 −37.877 <0.00001 22.0

3 Initial model with BSA as covariate (Table 3), 
without additive term and IIV term of 
residual variability (Revised model)

−791.624 +0.594 (0.74a, referring to model 2) 22.0

3a Revised model + SMI total muscle 
(Hounsfield method)

−798.302 −6.678 0.0098 21.5

3b Revised model + SMI total muscle 
(segmentation method)

−798.408 −6.784 0.0092 21.1

3c Revised model + SMI psoas major −799.070 −7.446 0.0064 21.1

3d Revised model + SMI back muscle −803.910 −12.286 0.00046 20.9

Abbreviations: ∆OFV, Difference in objective function value; BSA, Body surface area; CV, Coefficient of variation; IIV, Interindividual variability; OFV, 
Objective function value; SMI, Skeletal muscle index.
aTwo degrees of freedom.

F I G U R E  1  Prediction- corrected 
visual predictive check of the final 
population pharmacokinetic model of 
5FU. Black dots: Prediction- corrected 
observations, dashed lines: 90% interval 
and median of the prediction- corrected 
observations, dark gray shaded area: 95% 
confidence intervals of the 5th and 95th 
prediction interval, light gray shaded area: 
95% confidence interval of the predicted 
median.
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dataset, all SMI measures were positively associated 
with 5FU clearance when adding them as covariates 
and significantly improved the model fit. The inclu-
sion of the SMI of the back muscle led to the largest 
improvement which deserves further investigation 
on physiological plausibility. While this finding gives 
additional hints that body composition may influence 
the PK of 5FU and other anticancer drugs,15,46– 48 the 
minor reduction of IIV of 5FU clearance revealed 
that the usage of SMI for dose adjustment purposes 
may be of limited value. In fact, the inclusion of BSA 
had a higher impact on 5FU clearance (Table 4). The 

wide range of SMI measures (Table 1) may further ex-
plain the limited reduction of variability in clearance. 
Interestingly, Molenaar- Kuijsten et al. could not iden-
tify any relationships between the SMI- derived skele-
tal muscle mass and the 5FU elimination rate constant 
in 151 patients treated with its oral prodrug capecit-
abine.39 Williams et al. investigated the influence of 
LBM which was derived from the SMI on 5FU AUC but 
could not find any significant differences between sar-
copenic and non- sarcopenic patients.16 However, they 
investigated a smaller patient cohort (25 patients) and 
only used first cycle plasma concentrations of 5FU, 

T A B L E  5  Parameter and bootstrap estimates of the final model

Parameter
Estimate (relative standard  
error, %) Shrinkage [%]

Bootstrap median (95% 
confidence intervals)

CL5FU [L/h] 223 (2.4) 223 (212– 234)

V5FU [L] 46.1 (fixed estimate) 46.1 (fixed estimate)

BSA effect on CL5FU 0.794 (14.5) 0.796 (0.543– 1.02)

SMIBack effect on CL5FU 0.0570 (29.8) 0.0575 (0.0283– 0.0885)

Interindividual variability

CL5FU [%CV] 20.9 (7.4) 15.1 20.4 (15.8– 24.5)

V5FU [%CV] 51.1 (fixed estimate) 100 51.1 (fixed estimate)

Residual variability

Proportional error [%] 21.4 (3.3) 10.6 21.4 (19.0– 23.8)

Abbreviations: BSA, body surface area; CL, clearance; CV, coefficient of variation; SMIback, skeletal back muscle index; V, volume of distribution.

F I G U R E  2  Probability of fatigue and polyneuropathy grade ≥ 2 versus different skeletal muscle indices. Black solid lines are the mean 
probabilities and the gray shaded areas are the respective 95% confidence intervals.
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whereas in our study, plasma concentrations from dif-
ferent cycles were available.

As a limitation of our study, it should be noted that 
the genotypes and the activity of the main metaboliz-
ing enzyme, dihydropyrimidine dehydrogenase (DPD), 
which are important predictors for 5FU exposure49,50 
were not available for our patient cohort. However, IIV 
of 5FU clearance was already lower than the average IIV 
of 40% as reported in an extensive review on 5FU thera-
peutic drug monitoring by Beumer et al.5 This could be 
explained by the comparatively low prevalence of DPD 
risk variants which are associated with alleles producing 
DPD with minimal/no activity (DPYD*2A or DPYD*13) 
or with alleles producing DPD with decreased metabolic 
function (c.2846A > T or c.1129– 5923C > G). Up to 1% of 
the European population are carriers of the non- active 
variants, whereas the two latter variants are present in 
about 5% of Europeans.51 Keeping in mind the number 
of patients used for model development (n = 75 in the 
study of Wilhelm et al.,25 n = 111 in the present study), 
only few patients presumably were carriers of these DPD 
risk variants that are associated with a substantial influ-
ence on the variability in 5FU clearance.

The findings of the logistic regression analysis 
showed several significant associations between spe-
cific SMI measures and adverse events under 5FU ther-
apy which was generally in accordance with previous 
studies.13,14,16 Williams et al. found a significant posi-
tive association of LBM and oxaliplatin clearance and 
LBM and volume of distribution as well as a signifi-
cant association of low LBM and high- grade toxicity 
in older patients with colorectal cancer. Similar results 
were identified for cisplatin even though dose- limiting 
toxicity was not significantly correlated with body com-
position.53 Our finding of a higher probability of the 
occurrence of clinically relevant polyneuropathy with 
decreasing SMI of the back muscle deserves further 
investigation. Since the psoas muscle is necessary for 
everyday movement, the reduction of its SMI may be 
an explanation for the identified increase in the proba-
bility of clinically relevant fatigue. It should be noted, 
however, that our analysis was focused on evaluating 
the general susceptibility of experiencing clinically rel-
evant AE depending on body composition in patients 
treated with a 5FU- based chemotherapy. Regarding 
concomitant chemotherapy, only qualitative informa-
tion of its administration was available for our study. 
In a future study, it would be of high interest to inves-
tigate the influence of individual drug PK on AE devel-
opment in order to distinguish between the respective 
individual contributions of these drugs. In addition, 
the patient's performance status should be included in 
such an analysis as it was reported to be significantly 

associated with SMI54 and a significant predictor for 
drug toxicity under 5FU- based chemotherapy.55

In conclusion, this retrospective study gives first 
hints that the SMI as a measure of body composi-
tion may be associated with the pharmacokinetic dis-
position and the development of toxicity of 5FU. A 
prospective study in which SMI measures and 5FU 
pharmacokinetics are investigated should provide 
additional insights into these relevant relationships 
between body composition and clinical outcome of 
5FU- based chemotherapy.
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